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Abstract

Little information exists on the importance of landfills to urban gulls and the influence landfills have on the establishment of
urban-nesting gull colonies. Thus, there is critical need for data to determine factors contributing to increasing populations of
urban gulls. Our objectives were to determine the importance of landfills to the reproductive success, diet, and movements (via
radio telemetry) of urban-nesting herring gulls (Larus argentatus) and ring-billed gulls (L. delawarensis) in northern Ohio.
Hatch success of herring gulls (198 breeding pairs) and ring-billed gulls (4502 breeding pairs) at urban-nesting colonies was
>41% lower than hatch success of traditional Great Lakes nesting colonies and more closely approximated hatch success of
other urban-nesting colonies. Based on diet and habitat use, ring-billed gulls appeared more dependent on landfills than did
herring gulls. Anthropogenic food, primarily from three landfills, was the major component of the diets of ring-billed gulls,
whereas fish, primarily from Lake Erie, was used more extensively by herring gulls. On average, adult (25 km) and hatching-
year (24 km) ring-billed gulls were located farther from their nesting colony than were adult (18 km) or hatching-year (12 km)
herring gulls. Habitat use by hatching-year gulls of both species was similar to habitat use by adult conspecifics. Landfills
contain a dependable source of food for urban-nesting gulls. Thus, size and distribution of urban-nesting gull colonies are
likely to continue increasing, provided adequate anthropogenic food and colony sites remain available. € 1998 Elsevier
Science B.V. All rights reserved. )
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1. Introduction

Populations of several species of gulls have
increased throughout North America in recent years
{Drury and Kadlec, 1974; Conover, 1983; Belant and
Dolbeer, 1993). In the Great Lakes region, both breed-
ing and winter populations of herring gulls (Larus
argentatus) and ring-billed gulls (L. delawarensis)
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have increased dramatically. For example, the nesting
population of ring-billed gulls along the Canadian
portion of the lower Great Lakes increased from about
56 000 pairs to 283 000 pairs between 1976 and 1990;
herring gulls increased from 440 to 1300 pairs during
these same years (Blokpoel and Tessier, 1991). Winter
populations of ring-billed and herring gulls along the
south shore of Lake Erie increased 21- and 6-fold,
respectively, from the 1950s to the early 1980s (Dolb-
eer and Bernhardt, 1986).

Suspected causes for these increased gull popula-
tions include the protection of breeding colonies
(Kadlec and Drury, 1969), an increase in nesting
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habitat from the creation of dredge disposal islands
(Patton and Hanners, 1984), and exploitation of land-
fills by gulls as dependable sources of food (Verbeek,
1977; Burger, 1981; Patton, 1988; Belant and Dolbeer,
1993).

Sanitary landfills frequently attract large numbers
of gulls and other birds, at least seasonally (Horton et
al., 1983; Patton, 1988; Belant et al., 1995). Although
there is general agreement that anthropogenic food
(i.e., garbage) at landfills contributes overall to the diet
of herring and ring-billed gulls (Kihlman and Larsson,
1974; Pierotti and Annett, 1987; Patton, 1988; Pons,
1992; Belant et al., 1995), there are conflicting con-
clusions from previous studies regarding the impor-
tance of anthropogenic food to gulls during the
breeding season. Several authors have suggested that
~ the availability of garbage increases (Kadlec and
Drury, 1969; Hunt, 1972; Pons, 1992), or is essential
for (Sibley and McCleery, 1983), the reproductive
success. In contrast, Pierotti and Annett ( 1987) have
suggested that garbage is a low-quality food compared
to other ‘natural’ foods, and could reduce reproductive
success.

Because landfills are often located near urban areas,
their increased use by gulls and associated urban
nesting has caused a concurrent increase in conflicts
with humans. These conflicts include transmission of
pathogens and parasites through contamination of
water sources and upland habitat (Mudge and Ferns,
1982; Butterfield et al., 1983), damage to buildings
(Vermeer et al., 1988; Belant, 1993), and a hazard to
aircraft at airports (Dolbeer et al., 1993).

Our objectives were to determine reproduction,
diet, distance from nesting colonies, and habitat use
of urban populations of herring and ring-billed gulls
during incubation, chick-rearing, and post-fledging,
and to determine the importance of landfills to popu-
lations of urban-nesting herring and ring-billed gulls.

2. Study areas

The study was conducted from late April to August
1995, primarily in Cuyahoga County, Ohio. Located
on Lake Erie, Cuyahoga County has a human popula-
tion of 1400000, of which about 33% reside in
Cleveland. Cuyahoga County produces approximately
1675000t of residential and commercial waste

annually (Cuyahoga County Planning Commission,
1993). Much of this waste is distributed among five
public landfills, primarily the Cuyahoga Regional
Sanitary Landfill (CRSL) in Solon, 26 km south of
Lake Erie, which receives about 1000 t daily. The
Glenwillow Landfill (Cuyahoga County) and Paines-
ville Landfill (Lake County) are 27 and <1 km from
Lake Erie, respectively.

Dock 20, operated by the Port Authority of Cleve-
land, is located immediately northwest of downtown
Cleveland adjacent to Lake Erie. Nesting ring-billed
and herring gulls had not been reported at Dock 20
prior to 1995. This colony was apparently formed as a
consequence of nest disturbance programs conducted
at several roof-nesting gull colonies throughout Cuya-
hoga County (e.g., ArgoTech, which contained 115
and 736 herring and ring-billed gull nests, respec-
tively; see Ickes and Belant, 1998). The nesting colony
at Dock 20 was primarily on a gravel berm
200m x 15m. A small portion of the colony
extended onto a flat gravel surface. Dock 20 is 24,
26, and 34 km from the CRSL, Glenwillow, and
Painesville Landfills, respectively. Burke Lakefront
Airport (BLA) is about 2 km from Dock 20.

Microsheen is in Euclid, Ohio, 2.8 km south of
Lake Erie and 17 km northeast of Dock 20. Micro-
sheen contained the largest herring gull nesting colony
in Cuyahoga County. The 1.7 ha roof of Microsheen
contained numerous structures (e.g., vents, skylights)
on a primarily light-colored gravel surface. The roof of
this building has six distinct sections, the heights of
which vary <2 m. Microsheen is 23, 26, and 20 km
from the CRSL, Glenwillow, and Painesville Land-
fills, respectively. Microsheen is 18 km from BLA.

3. Methods

3.1. Population estimation and reproduction
-

We estimated the nesting population of herring
gulls at Microsheen by conducting complete counts
of nests containing >1 egg or chick on 14 April then
weekly from 10 May to 31 August. During each visit,
we recorded the number of eggs and chicks in each
nest. We also counted the number of chicks not at a
nest. Mean date of initial incubation was estimated by
interpolation of consecutive nest counts between
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which 50% of nests with >1 egg occurred. We defined
the length of incubation as 28 days after mean initia-
tion of incubation and the length of chick-rearing as 42
days post-incubation (Paynter, 1949; Kadlec et al.,
1969; Drent, 1970; Haycock and Threlfall, 1975;
Pierotti, 1982). Post-fledging data were collected
through 31 August. Minimum hatch success was
defined as the maximum number of unfledged
chicks/maximum number of nests; minimum fledging
success was defined as the maximum number of
chicks observed during post-fledging/maximum num-
ber of nests.

We estimated the nesting population of ring-billed
gulls and herring gulls at Dock 20 by conducting three
complete counts of nests on 12, 19, and 26 May and
two partial ground counts on 16 June (r = 550), and 7
July (n = 320) to determine stage of nesting. During
each complete count (except 26 May), we recorded the
total number of nests (nests containing >1 egg and/or
chick) for each species; during each partial count (and
on 26 May), we recorded the number of nests with >1
egg or chick. Mean hatch date for ring-billed gulls was
estimated by interpolation of consecutive nest counts
between which 50% of nests with >1 chick occurred.
We defined the length of incubation and chick-rearing
as 26 and 35 days before and after mean hatch date
(Vermeer, 1970; Kirkham and Morris, 1979; Boersma
and Ryder, 1983; Ryder, 1993). Minimum hatch suc-
cess for ring-billed gulls was estimated by determin-
ing the proportion of nests with >1 chick. At Dock 20,
hatch success was not estimate for herring gulls and
minimum fledging success was not determined for
either species.

3.2. Diet

To determine the diet of nesting herring and ring-
billed gulls, we collected pellets and food remains at
Microsheen and Dock 20. Seven 1 m-wide transects
were established at Microsheen, each of which
occurred within the primary herring gull nesting area.
Ten transects were established similarly within the
primary ring-billed gull nesting area at Dock 20.
Concurrent with nest counts at each respective colony,
all food items (pellets and food remains) were
removed from each transect, placed in plastic bags,
and later weighed and/or identified. Each food item
was classified into one of several natural (e.g., fish,

mammal) or anthropogenic (e.g., chicken bones, beef
or pork rib bones [hereafter chicken or ribs]) food
types. We also recorded presence of anthropogenic
non-food items (e.g., paper, plastic) in pellets and food
remains. '

Presence of food types in pellets was expressed as
percent frequency of occurrence and pooled by repro-
ductive period. For food remains, the mass (g) of each
food type was determined and expressed as a percent
of the total food remains by reproductive period.

3.3. Capture and marking

We captured and attached radio transmitters to 41
adult (24 herring, 17 ring-billed) and 40 hatching-year
birds (20 herring, 20 ring-billed). We captured 21 and
two nesting ring-billed and herring gulls, respectively,
on ArgoTech, and 15 nesting herring gulls on Micro-
sheen using walk-in traps (Weaver and Kadlec, 1970)
from 24 April to 3 May. On 8 May, three nesting ring-
billed gulls were captured at BLA using a rocket net.
Because of nest destruction projects at Argotech and
BLA, seven radio-marked ring-billed gulls renested at
Dock 20 (see Ickes and Belant, 1998). We captured 20
hatching-year herring gulls at Microsheen (23 June)
and 20 hatching-year ring-billed gulls at Dock 20 (30
June) using dip nets. Hatching-year birds captured
were considered at or near fledging (late stage 3B or
stage 4; Kadlec et al., 1969).

Herring and ring-billed gulls were each banded with
a U.S. Fish and Wildlife Service leg band (sizes 6 and
4A, respectively) and an orange plastic leg band (A.C.
Hughes, Middlesex, UK), then fitted with a back-
mounted radio transmitter (Advanced Telemetry Sys-
tems, Inc., Isanti, Minn.) using 6 mm wide teflon
ribbon for a harness. Herring gull and ring-billed gull
radio transmitter packages weighed approximately 30
and 18 g, respectively, representing <4% of body mass
for each species. Mean body mass for herring and ring-
billed gulls were about 1050 and 460 g, respectively.

3.4. Telemetry

We monitored radio-marked gulls from 12 May to
31 August using standard aerial telemetry techniques
(Mech, 1983). Aerial telemetry was conducted 1-5
days/week, typically during daylight hours. Aerial
locations were estimated in latitude and longitude
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using a Global Positioning System (Garmin Int.,
Lenexa, Kans.) then converted to Universal Trans-
verse Mercator Grid System coordinates. Additional
data recorded for each gull location included date,
time, and habitat when possible. We determined the
mean distance (km) each species of gull by age class
was located away from their respective nesting colony
during incubation, chick-rearing, or post-fledging. We
were unable to relocate one adult herring gull and two
hatching-year ring-billed gulls; thus, these gulls were
excluded from all analyses. We used the General
Linecar Models (GLM) Procedure (SAS Institute,
1988) with Tukey multiple comparison tests to com-
pare movements of radio-marked gulls. Data violating
the assumption of normality were log transformed
(log(X+1)) (Zar, 1984) prior to analysis.

4. Results
4.1. Population estimates and reproduction

The maximum number of herring gull nests (198) at
Microsheen occurred on 17 May. We determined
incubation, chick-rearing, and post-fledging periods
as 23 April-20 May, 21 May-1 July, and 2 July-31
August, respectively. Estimated minimum hatch and
fledge rates were 1.2 and 0.32 chicks/nest, respec-
tively. The maximum number of ring-billed gull
nests (4502) at Dock 20 occurred on 26 May. We
determined incubation, chick-rearing, and post-
fledging periods as 16 May—10 June, 11 June-15 July,
and 16 July-31 August, respectively. Estimated
minimum hatch success of ring-billed gulls was
0.73 chicks/nest.

4.2. Diet

Natural food items occurred in 92% of herring gull
pellets (n = 691) collected from Microsheen during
each reproductive period (Table 1). Fish was the most
prevalent food type, represented in 82% of pellets
overall. Frequency of occurrence of vegetation,
insects, and birds in pellets followed fish in overall
importance. Anthropogenic items occurred in 20% of
herring gull pellets overall. The primary anthropo-
genic food type in pellets by reproductive period was
chicken (9%).

Natural and anthropogenic food remains repre-
sented 27% and 71%, respectively, of mass collected
at the herring gull colony. Fish comprised 93% of
natural food remains collected. All other natural food
remains occurred infrequently (<1%). Primary
anthropogenic food remains period were chicken
(43%) and ribs (24%).

Overall, anthropogenic items occurred in about
54% of ring-billed gull pellets collected from Dock
20. Chicken was the only anthropogenic food type
recorded (29% occurrence overall). Overall, natural
food occurred in 75% of ring-billed gull pellets
(n = 28). Insects (43%) and fish (39%) were repre-
sented about equally overall, followed by birds (14%)
and vegetation (14%).

Anthropogenic food items represented 99% of
mass of food remains collected at the ring-billed gull
colony overall. In contrast, natural food items repre-
sented 2% of mass of food remains collected. Primary
anthropogenic food remains were chicken (73%)
and ribs (24%); the primary natural food remain
was fish (1%).

4.3. Flight radius

Adult herring gulls traveled greater (F = 8.76;
d.f. =1136 ; p <0.01) distances (17.9 km) from the
nesting colony on average than did hatching-year
herring gulls (11.9 km) (Table 2). In contrast, mean
distances adult and hatching-year ring-billed gulls
travelled from the colony (25.3 and 24.2 km, respec-
tively) were similar (F = 0.01; d.f. = 1144; p = 0.93).
Overall, adult and hatching-year ring-billed gulls were
located farther from their nesting colony than were
adult herring gulls (p < 0.05, Tukey test). There was
no difference (F=0.26; d.f. =2280; p=10.77) in
distances adult herring and ring-billed gulls were
located from their respective nesting colonies among
reproductive periods. The interaction of species and
reproductive period was not significant (F = 0.08;
d.f. = 2280; p = 0.92).

4.4. Habitat Use

Overall, landfills were used more frequently by
adult (77% of total locations) and hatching-year
(89%) ring-billed gulls than by adult (34%) or hatch-
ing-year (29%) herring gulls (Table 3). However, use
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Table 2

Mean distance (km) radio-marked adult (n = 16) and hatching-year (n = 15) herring gulls and adult (» = 24) and hatching-year (n = 18) ring-
billed gulls were located away from respective nesting colonies, Cuyahoga County, Ohio, May-August 1995

Age Period” Herring guil® Ring-billed gull*
n Mean SD n Mean SD
Adult Incubation 1 17.4 - 10 244 10.8
Chick-rearing 18 14.5 6.3 30 224 6.4
Post-fledging 104 18.7 26.2 81 26.4 325
Combined 123 17.9 242 121 253 27.0
Hatching-year ~ Post-fledging 17 11.9 8.8 27 24.2 8.0

“ There was an interaction of species and age class (F = 19.58: d.f. = 1280: p<0.01).
® There was no difference among periods (F = 1.18; d.f. = 2280: p = 0.31).

of landfills by both species increased from incubation
through post-fledging. Use of landfills by hatching-
year herring and hatching-year ring-billed gulls was
similar to use of landfills by adult conspecifics during
post-fledging.

The CRSL, Glenwillow Landfill, and Painesville
Landfill were the waste disposal facilities primarily
used by herring and ring-billed gulls. Overall, CRSL
was used more frequently than other landfills by both
species and age classes of gulls (60% of landfill
locations for adult herring gulls, 100% of locations
for hatching-year herring gulls, 86% of locations for
adult ring-billed gulls, and 92% of locations for
hatching-year ring-billed gulls). Use of the Glenwil-
low Landfill was 21% and 0% for adult and hatching-
year herring gulls, and 7% and 8% for adult and
hatching-year ring-billed gulls, respectively. Use of
the Painesville Landfill was 19% and 0% for adult and
hatching-year herring gulls and 5% and 0% for adult
and hatching-year ring-billed gulls, respectively.
Adult ring-billed gulls were located once each at three

Table 3

other landfills, two in Cuyahoga County and one in
Lake County.

Overall, Lake Erie was used extensively by adult
(54% of total locations) and hatching-year (65%)
herring gulls compared to limited use of Lake Erie
by adult (6%) and hatching-year (7%) ring-billed gulls
(Table 3). Use of Lake Erie by adult herring gulls
remained relatively constant from incubation through
post-fledging; however, use remained >50% during
each reproductive period. In contrast, use of Lake Erie
by adult ring-billed gulls did not exceed 10% during
any reproductive period.

We located radio-marked adult ring-billed gulls and
herring gulls at BLA 4 and 1 times, respectively.

5. Discussion
During this study, breeding pairs of herring gulls

hatched on average a minimum of 1.2 chicks and
fledged at least 0.32 chicks; ring-billed gulls hatched

Habitat use (%) exclusive of respective nesting colonies by reproductive period for radio-marked adult (n = 16) and hatching-year (n = 15)
herring gulls and adult (n = 24) and hatching-year (n = 18) ring-billed gulls. Cuyahoga County, Ohio, May-August 1995

Age Period Herring gull Ring-billed gull
n Landfill Lake Erie  Other” n Landfili Lake Erie  Other"
Adult Incubation 1 0 100 0 10 60 10 30
Chick-rearing 19 21 63 16 34 65 9 26
Post-tledging 105 37 51 11 89 84 4 11
Combined 125 34 54 12 133 77 6 16
Hatching-year Post-fledging 17 29 65 6 27 89 7 4

“Other includes airports, roofs, ponds, rivers.
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a minimum of 0.73 chicks/nest. These hatching and
fledging success rates are lower than those reported for
‘natural’ colonies located on islands and breakwalls
(Fetterolf, 1983; Belant, 1993; Belant and Seamans,
1993; Brown and Morris, 1994), and more closely
approximate hatch rates reported for other urban-
nesting gull colonies (Gabrey et al., 1993; Dwyer
et al., 1994).

Use of inland feeding sites, as opposed to Lake Erie,
may be of greater importance to nesting ring-billed
gulls than to nesting herring gulls. In our study, nesting
ring-billed gulls were located at landfills more fre-
quently than were nesting herring gulls. Anthropo-
genic food also contributed more overall to the diet of
ring-billed gulls, whereas fish was the primary food of
herring gulls. Dwyer et al. (1994) found that ring-
billed gulls nested farther from Lake Erie and

" depended more heavily on anthropogenic food than
did herring gulls. Vermeer (1973) stated that the
distribution of herring gulls in northern Canada was
restricted to areas around large lakes because of their
dependence on aquatic food sources. Also, Belant et
al. (1993) found that herring gulls nesting on San-
dusky Bay, Lake Erie (about 90 km from Cleveland)
relied primarily on fish with anthropogenic food being
of little importance.

Compared to herring gulls, ring-billed gulls appear
more general in their selection of food items (Chudzik
et al., 1994). In our study, fish was represented in only
42% of ring-billed gull pellets during chick-rearing. In
contrast, fish was the predominant food item found in
herring gull pellets, with an overall occurrence of
about 80%. Also, the proportion of anthropogenic
food remains collected at the ring-billed gull colony
was greater than the proportion collected at the herring
gull colony. Ring-billed gulls have been reported
frequently to forage on insects and earthworms in
agricultural areas (Vermeer, 1970; Ryder, 1993); such
terrestrial items are uncommon generally in the diets
of herring gulls (Belant et al., 1993; Gabrey et al.,
1993; Dwyer et al., 1994).

For each species, use of landfills and Lake Erie was
similar for adults and hatching-year birds. Use of
landfills by hatching-year gulls of both species
occurred soon after attaining flight and their use of
landfills increased through post-fledging. In northcen-
tral Ohio, hatching-year herring and ring-billed gulls
are typically first observed at landfills in July, with

increased numbers observed through at least October
(Belant et al., 1995).

As determined in this study and previously (Gabrey
et al., 1993; Dwyer et al., 1994), urban populations of
nesting ring-billed and herring gulls depend (at least in
part) on landfills as sources of food. Radio-marked
gulls in this study used primarily three landfills, at
distances up to 26 km from their respective nesting
colonies. Provided that availability of food at these
landfills and colony sites are not limited, populations
of nesting gulls are likely to increase. Efforts to reduce
urban nesting should focus in part on reducing the
availability of anthropogenic food, particularly at
landfilis. Although guils are federally protected under
the Migratory Bird Treaty Act, attempts have been
made (under Federal permits) to reduce roof nesting
by removal of nests and eggs. Results of these removal
programs, particularly with herring gulls, often have
limited success in eliminating the problem (Blokpoel
and Tessier, 1992; Ickes and Belant, 1998). To effec-
tively manage urban gulls, local planning commis-
sions, affected businesses, and wildlife professionals
must coordinate efforts to develop an integrated man-
agement strategy (see Belant, 1997). In addition,
continued research on harassment and exclusion tech-
niques to reduce urban nesting by gulls is required
(e.g.. Belant and Ickes, 1996, 1997).
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